Quantitative analysis of insulin-like growth factor-modulated proteolysis of insulin-like growth factor binding protein-4 and -5 by pregnancy-associated plasma protein-A.
The metzincin metalloproteinase pregnancy-associated plasma protein-A (PAPP-A, pappalysin-1, EC 3.4.24.79) specifically cleaves insulin-like growth factor binding protein (IGFBP)-4 and -5. Regulation of insulin-like growth factor (IGF) bioavailability through cleavage of these inhibitory binding proteins is an important mechanism for the control of growth and development of vertebrate cells. Although proteolysis of IGFBP-4 and -5 by PAPP-A has been extensively studied in many systems, quantitative analyses have been lacking. We have characterized the cleavage of its natural substrates, IGFBP-4 and -5, in the absence and presence of IGF-I or -II and determined the kinetic parameters (Km and kcat) for the different combinations of IGFBP and IGF. The rate of IGFBP-4 proteolysis is dramatically increased upon addition of IGF-I or -II. Kinetic analysis revealed that IGF-II was a more potent activator of IGFBP-4 proteolysis than IGF-I. Proteolysis of IGFBP-5 is slightly inhibited by IGF, and we find that IGF-I and -II display a similar degree of inhibition of IGFBP-5 cleavage. We show that the mechanism of IGF-modulated proteolysis of IGFBP-4 and -5 involves changes in both the recognition of substrate (Km) and the turnover rate (kcat). In addition, we have devised a novel method of revealing potential consequences of substrate modification for kinetic analysis, and we have used this method to establish that there is no apparent difference in the behavior of radiolabeled IGFBP-4 and -5 compared to the behavior of the unmodified protein substrates. We also propose experimental conditions for the proper analysis of IGFBP proteolysis, and we demonstrate their usefulness by quantitatively evaluating the effect of inhibitory compounds on the rate of proteolysis. Finally, we have compared PAPP-A to other proteinases thought to have IGFBP-4 or -5 as a substrate. This emphasizes the potential of PAPP-A to specifically and efficiently function as a regulator in the IGF system.